Background: Phthalates are found in products made of plastic. Because of concerns regarding the hazards of phthalate exposure, including endocrine disruption, many countries have regulations to restrict their use in products used by children. However, in Thailand, no such restrictions exist, and data relating to phthalate exposure are scarce. Objectives: To determine the level of exposure of Thai children and adolescents to phthalates, and study its associations with sociodemographic data and the exposure to potential sources of phthalates. Methods: Healthy children aged 2-18 y were enrolled into the present cross-sectional study between January 2016 and December 2016 inclusive. Their anthropometric indices and Tanner staging were determined. Urinary concentrations of the phthalate metabolites, monomethyl phthalate (MMP) and mono-n-butyl phthalate (MBP), were determined in spot samples by high-performance liquid chromatography to estimate the level of phthalate exposure. Associations between sociodemographic data, exposure to potential sources of phthalates, and phthalate metabolite concentrations were analyzed. Results: We included 103 boys and 118 girls with a mean age of 9.4 ± 3.64 (range 2.8-17.1) y and detected MMP in 28.5% and MBP in 88.6%. The geometric means (interquartile range) of urinary MMP and MBP were 3400 (2489, 4642) and 214.4 (164, 279) mg/g creatinine (Cr), respectively. Significant associations were found between exposure to floor cleaning products and Cr-adjusted urinary MMP level (P < 0.05), and paint and Cr-adjusted urinary MMP and MBP levels (P < 0.05). Prepuberty was significantly associated with urinary Cr-adjusted MMP level. Conclusion: Urinary phthalate metabolite levels were high in a proportion of Thai children and adolescents. Exposure to floor cleaning products and paint is associated with phthalate exposure, and advanced Tanner stage is negatively associated with urinary Cr-adjusted MBP.
used ingredients in plastic manufacturing. Phthalates can be found in plastic products, such as children's toys, child care products, cosmetics, personal care products, medical devices, food packaging, poly(vinyl chloride) (PVC) plastics, building materials, and automotive components [2] . Low-molecularweight phthalates, including di-n-butyl phthalate (DBP), dimethyl phthalate (DMP), and diethyl phthalate, are used in adhesives, detergents, and solvents-any or all of which can be found in cosmetics and skincare products. High-molecularweight phthalates, such as di(2-ethylhexyl) phthalate and benzylbutyl phthalate, are used to increase the flexibility of plastic and can be found in products, such as toys, bags, gloves, and medical equipment [3] . Exposure to these chemicals can occur via ingestion, inhalation, or dermal contact [4] [5] [6] [7] [8] .
Low-molecular-weight phthalates are metabolized in various ways: diester phthalates are hydrolyzed by esterases and lipases in the intestine to their respective monoester phthalates and excreted in urine and feces. High-molecularweight phthalates are further metabolized from monoesters via hydroxylation or oxidation to produce a number of oxidative metabolites that are then excreted in urine within 24 h of exposure. Furthermore, oxidative metabolites can conjugate to form hydrophilic glucuronide conjugates, which are also excreted in urine [9, 10] . Therefore, measurement of urinary phthalate metabolites is the best way to determine the level of phthalate exposure. The biomarkers for exposure to DMP and DBP are monomethyl phthalate (MMP) and mono-n-butyl phthalate (MBP), respectively. Several studies have been conducted on the long-term health effects of phthalates, including abnormalities of the male reproductive system (cryptorchidism and hypospadias) [11] [12] [13] [14] , precocious puberty [15] , obesity [16] , lower intelligence quotient [17] , autism spectrum disorder [18, 19] , attentiondeficit/hyperactivity disorder [9, 20] , gender confusion in male children born to mothers with high urinary phthalate level during pregnancy [21] , asthma [22] [23] [24] , allergic rash in children [25] [26] [27] , and increased prevalence of premature labor [28, 29] .
For these reasons, many countries now have a heightened level of concern about the hazards of exposure to phthalates, especially in children. Because children are considered vulnerable persons, laws that prohibit the use of phthalates in toys and products intended for children have been enacted. Such laws came into effect in the European Union in 2005, in the USA in 2008, and in Canada in 2011; however, no such restrictions have been put in place in Thailand. Moreover, data relating to phthalate exposure among children and adolescents in Thailand are scarce.
Accordingly, the aim of the present study was to investigate the level of phthalate exposure in Thai children and adolescents by determining phthalate metabolite levels in urine samples. A secondary aim was to study the associations between both sociodemographic data and exposure to potential sources of phthalates and urinary phthalate metabolite concentrations.
Materials and methods

Subjects
After our study protocol was approved by the Institutional Review Board (IRB) of the Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand (IRB No. 538/58), we enrolled 231 healthy children aged 2-18 y into the present cross-sectional study during the recruitment period from January 2016 to December 2016. The opportunity to join the study was promoted on a website that is supported by the Department of Paediatrics, Faculty of Medicine, Chulalongkorn University. Children with any of the following conditions were excluded: acute kidney injury, chronic kidney disease, inability to urinate voluntarily, or chronic illness. Only children with a fully completed questionnaire and a morning urine sample containing at least 50 mL of urine in a phthalatefree polypropylene tube were included. Seven children with an incomplete questionnaire and 3 children with inadequate amounts of urine were excluded. Patient data were collected on the date of urine collection and no follow-up visit was required. Written informed consent was obtained from the parent(s) or legal guardian(s) of each child, and assent was obtained from all children aged ≥8 y.
Clinical examination
Pubertal stage was assessed according to Marshall and Tanner criteria, which defines development of puberty by physical examination based on pubic hair growth, genitalia development in boys, and breast development in girls. Pubertal stage was determined in each child based on line drawings created by the parent(s). Tanner II genitalia in boys and Tanner II breasts in girls were regarded as pubertal onset. Weight was measured without shoes and in light clothing using a digital electronic scale, and height was measured using a stadiometer. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared (kg/m 2 ). Age-and gender-specific BMI z-scores were adjusted using World Health Organization BMI growth references. Overweight and obesity status was defined as BMI z-score greater than +1 standard deviation (SD) and greater than +2SD, respectively. Waist circumference was measured in standing position at the midpoint between the lowest rib margin and the iliac crest after a gentle expiration. Child waist circumference was divided by height and hip circumference to calculate the waist-to-height and waist-to-hip ratio, respectively.
Urine sample analysis
A morning urine sample was collected from each child into a phthalate-free polypropylene tube on the day of examination at King Chulalongkorn Memorial Hospital. When the urine sample was received for analysis at the School of Pharmacy, Walailak University (Nakhon Si Thammarat, Thailand), a 5 mL aliquot was sent to determine creatinine (Cr) level, and the remaining sample was stored at -20°C until assay of the metabolites. Urine samples were analyzed for MMP and MBP using high-performance liquid chromatography (HPLC).
Sample preparation for identification of phthalates in urine
A standard stock solution for each analyte was prepared at 400 mg/mL acetonitrile and stored at -20°C until use. Urine samples were stored in 15 mL centrifuge tubes at -20°C until analysis and then thawed at 25°C. An aliquot (1 mL) of urine was placed into a 10 mL, glass vial, dried under a stream of nitrogen gas, and reconstituted with 100 mL of acetonitrileacetic acid (99.9/0.1, v/v). The resulting turbid solution was then centrifuged at 13,000 rpm for 5 min, which resulted in sedimentation of the precipitate. The clear supernatant was then assayed using HPLC.
Analysis of phthalates
MMP and MBP were obtained from Sigma-Aldrich at purities of >97.0%. Chromatographic grade acetonitrile and acetic acid (glacial) were purchased from Merck. Millipore-Q ultrapure water (18.20 mW.cm -1 , 25°C) was used to prepare all aqueous media (Merck Millipore). Chromatographic analysis was performed using an ultra-HPLC system (Dionex Ultimate 3000, Thermo Fisher Scientific). A stock standard solution for each analyte was prepared at 400 mg/mL in acetonitrile and stored at -20°C. Calibration standards were prepared by fortifying MMP and MBP in blank urine in the concentration range 0.1-10 mg/mL. The standard solutions were then treated in the same manner as urine samples before analysis. Chromatographic data were acquired and processed using Chromeleon software (Thermo Fisher Scientific). A Sepex GP-C18 column (1.8 mm, 2.1 mm ∅ × 100 mm) was used for chromatographic separation of phthalates. The mobile phase consisted of acetonitrile-acetic acid (99.9/0.1, v/v) and water, which were designated as A and B, respectively [30] . The gradient elution program was as follows: from 0 to 5 min, 30% A; linear increase to 90% A, from 5 to 7 min; linear decrease to 30% A; and, stabilization at initial condition (30% A, 70% B) for 3 min. The flow rate was 0.4 mL/min, the column temperature was maintained at 45°C, and the detector wavelength was set at 228 nm. This method was validated in terms of specificity, linearity, accuracy, and precision according to the guidelines of the International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use. The method was found to be specific because there was no interference between the analytes (MMP and MBP) and blank urine ( Figure 1) . Linearity of calibration standards in the range 0.1-10 mg/mL was observed, with a correlation coefficient higher than 0.99. Accuracy and precision were determined at 3 concentration levels and found to be within validation criteria (recovery 100 ± 15%; relative standard deviation ± 15%). SI-0236 Vortex-Genie 2 Mixer (Scientific Industries) and Mikro 200/200R centrifuge (Hettich) were used for solution mixing and centrifugation, respectively. An XSE Analytical Balance (Mettler-Toledo) was used for mass measurements.
Urinary Cr was analyzed by the enzymatic method using Vitros CREA Slides and Vitros chemistry products on a Vitros 350 Chemistry System (Ortho Clinical Diagnostics). Each urinary phthalate metabolite concentration (in nanograms per milliliter) was adjusted to micrograms per gram of Cr.
Questionnaires
A questionnaire was designed to elicit sociodemographic information and phthalate exposure data about each child. Data that were collected included age, sex, current residence, caregiver level of education, family income, self-awareness or parental assessment of pubertal status, total daily hours of television viewing, exercise habits, eating habit risks (including consumption of junk food, canned food, and bottled milk), use of plastic containers for food and water, use of microwave oven to heat plastic food containers, and use of plastic toys. Frequency of exposure was classified into 6 categories, including "never", "at least once per month", "once per month", "once per week", "more than 2 d per week", and "at least once a day". Use of personal care products and exposure to other sources of phthalates (e.g., shampoo, soap, toothpaste, hair gel, lotions, floor cleaning liquid, and paints) were also collected and recorded. Exposure to these products was recorded as "Yes" or "No". Parents were also asked to recollect and report how many of these products their child was exposed to during the 24 h before urine collection for analysis of association with urinary phthalate metabolite concentrations.
Statistical analysis
Continuous data were reported as median (interquartile range [IQR], i.e., 25th, 75th percentiles) or mean ± standard deviation (SD). Multiple linear regression analysis was used to identify the association between the level of urinary phthalate metabolites and Tanner stage adjusted by sex. An independent t test was used to evaluate the association between urinary phthalate metabolite concentrations and potential sources of phthalate exposure. P < 0.05 was considered to be significant. All statistical analyses were performed using IBM SPSS Statistics for Windows (version 21).
Results
We included data from both boys and girls, who had a mean age of 9.4 ± 3.64 (range 2.83 -17.10) y. Most children were aged 6-11 y ( Table 1) . Sociodemographic characteristics ( Table 1) showed no significant associations with phthalate metabolites (data not shown). MMP was detected in about a third and MBP was detected in almost all urine specimens. The mean concentration of urinary MMP was 1303.94 ng/mL, and that of MBP was 563.82 ng/mL. The median Cr-adjusted concentration of MMP was 0 mg/g Cr and of MBP was 252 mg/g Cr ( Table 2 ). In boys, the median (IQR) concentrations of adjusted MMP was 0 (0, 533) mg/g Cr and MBP 211.4 (75.9, 426.8) mg/g Cr. In girls, the adjusted concentrations of MMP was 0 (0, 1054.4) mg/g Cr and MBP was 193.8 (6.2, 579.1) mg/g Cr.
No correlation was observed between urinary phthalate metabolites and age, gender, family income, parental education, secondhand smoke, media exposure times per day, BMI, waist circumference, waist-to-height ratio, or waist-tohip ratio (data not shown). Other variables, including canned food consumption, canned beverage consumption, use of plastic containers for food, bottled water, use of microwave to heat plastic food containers, junk food consumption, bottled milk consumption, and exposure to plastic toys, were also not found to be associated with urinary phthalate metabolite levels (data not shown).
Higher Tanner stage was significantly associated with lower urinary Cr-adjusted MBP levels ( Table 3) . Compared with children not exposed to either paints or floor cleaning liquids, urinary concentrations of MMP and MBP were significantly higher in children exposed to paints, and urinary concentrations of MMP were significantly higher in children exposed to floor cleaning liquid products ( Table 4) .
Discussion
To our knowledge, this is the first report in Thailand to study urinary phthalate metabolite levels in Thai children and adolescents. Exposure to phthalates may be associated with adverse health outcomes, especially in children. In the present study, we measured MMP and MBP, which are phthalate metabolites, and Cr levels in morning spot urine samples from Thai children and adolescents. The detection rates of MMP and MBP were 28.5% and 88.6%, with median concentrations of 0 and 252 mg/g Cr, respectively. When compared with other studies from Asia (Table 5) , we found a lower detection rate of MMP; we also noted a lower median concentration level of urinary Cr-adjusted MMP concentration, compared with a study from China (0 and 12.2 mg/g Cr, respectively). For MBP, we found a lower detection rate, but a higher median urinary Cr-adjusted MBP level than found by the study from China (252 and 74 mg/g of Cr, respectively) [31] . Median concentration of MBP from the present study was higher than concentrations reported from studies in Spain (252 and 30.2 mg/g Cr) [32] and the USA (252 and 19.8 mg/g Cr) [33] (Table 5) . DBP, the parent compound of MBP, was restricted from children's products in the USA (Consumer Product Safety Improvement Act in 2008) and the European Union (EU) (Registration, Evaluation, Authorisation and Restriction of Chemicals 2005), and this may be the reason why urinary phthalate levels found by studies in the USA and Europe were lower for levels of MBP compared with those reported in our present study. Other factors that may be responsible for these differences include age and age-dependent metabolism, age group of participants, differences in food intake, variations in personal care product use patterns, and variations in levels of phthalates in food packaging and personal care products by country. Other sources of phthalates, such as medical products (blood bags and administration of intravenous solutions) [8] , outdoor and indoor dust [34] , building materials such as vinyl floors and wall paper [35] , and PVC flooring were not explored in this study. Moreover, only 2 phthalate metabolites were investigated and 1 method of urinary phthalate metabolite analysis was used in the present study. We found lower urinary Cr-adjusted MBP concentrations to be associated with advanced Tanner stage, but similar concentrations of MMP were found in advanced Tanner stage ( Table 3) . Urinary Cr-adjusted MBP concentration was higher in younger children than in older children. This finding was similar to that reported in a previous study, in which the level of DBP metabolites (the parent compound of MBP) was higher in the younger group than in the older group [38] . In younger children, hand-to-mouth behaviors and higher body surface area per weight were the factors that were found to cause greater 
Notes:
The P values were generated by multiple linear regression analysis. IQR, interquartile range; MBP, mono-n-butyl phthalate; MMP, monomethyl phthalate; SD, standard deviation. *P < 0.05 (independent t test).
exposure to phthalate sources in the environment. However, and after adjusting for sex (data not shown), urinary Cr-adjusted MBP level was negatively associated with Tanner stage. Significant association was observed between urinary Cr-adjusted MMP level and exposure to floor cleaning liquid and paint, and between urinary Cr-adjusted MBP level and exposure to paint ( Table 4) . No previous study has reported these associations. One possible explanation is that there may be substantial differences in the formulations of floor cleaning liquid and paint used in Thailand. Conversely, certain phthalates that are known to be often present in various personal care products were not observed in the present study population. DBP (whose main metabolite is MBP) is often present in deodorants, perfumes [39] , and food wrapping materials, and DMP (whose main metabolite is MMP) is often found in deodorants, shampoos, and hair styling formulations these were not found to be associated with phthalate metabolite concentrations. This may be the result of the small number of participants who use these products or to recall bias on the report prepared by parents describing their child's exposure history. No relationship was found between toothpaste use and phthalate metabolite concentrations, and 97.6% of participants reported using toothpaste. It may be that these products do not contain phthalates or that we did not measure the metabolites of the phthalate that is contained in the products.
Our results are not consistent with the increase in urinary phthalate concentrations that were observed when an increased number of products were used (data not shown), as was reported in other studies in adults [40] and infants [41] .
The present study has some recognized limitations. First, although the size of the study population was relatively small, we were still able to demonstrate significant correlation between phthalates and some parameters. Second, only 2 low-molecularweight phthalate metabolites were measured in this study. If we had investigated additional phthalate metabolites, it is possible that other significant associations may have been identified. Third, Tanner staging was not performed by medical personnel. Fourth, it is possible that measurements of urine concentrations of phthalate metabolites may have been better if we had collected urine repeatedly. However, a study by Teitelbaum et al. [42] reported that a single spot urine sample sufficiently represented exposure over a 6 mo period to warrant its use as an exposure estimate in epidemiological studies. Finally, the children included in this study reside in metropolitan Bangkok-a major metropolis. As such, our findings may not be generalizable to all other areas of Thailand. Future studies in Thailand should include a larger sample size, more phthalate metabolites, and the use of a questionnaire with improved specificity for detecting the amount and frequency of product used.
Conclusion
This is the first study to investigate and report urinary phthalate metabolite levels in Thai children and adolescents. Rates of detection of MMP and MBP were lower in this study compared with the rates reported in other studies conducted in Asia, Europe, and the USA, but the urinary Cr-adjusted MBP levels in Thai children and adolescents were higher compared with the same in other studies. Exposure to paints and floor cleaning products was associated with increasing urinary Cr-adjusted MMP levels. Early Tanner stage and exposure to paints were associated with higher urinary Cr-adjusted MBP levels.
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